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Summary 

A simple and efficient method was devised to permit the ^ 
pdy(A- ) RNAs and DNA) from cells and tissues (e.g. testis) ennched in DNA. o( 
(UUe ihiocyanate and LiBr) were ut^ed to ~ " ^L X' A^ 
the homogeniiation solut.on and to prec,p,tate RNA «»«^ £ ™ b viheir ability toprogramme an in 
mRNAs were recovered in a biologically act.ve form ^^^^^^^^ from the 
vitro translation reaction. High molecular we.ght DNA < ^JSTiriSd and was in a form 
LiBr-soluble supernatant, by selective ethanol precipitation, subsequently punfietf ana 
suitable for further biochemical analysis. 

Key words: mRNA; DNA; RNA; nucleic acid isolation: chaotropic reagents: tissues and cells. 
' Introduction 

Chaotropic reagents are very successful in the rapid and <^?*«'^™%*£ 
RNase [1]. This has permitted the isolation of biological y active messenger RNAs 
(mRNAs) from tissues rich in RNase (2] and for the Nation of large mRNAj |MJ 
Numerous procedural anecdotes have been introduced which in general, ^have 
5Sd the isolation procedure for a specific tissue 6-8]. These various proce- 
dures are not necessarily optimized for all tissues, although they are generally 
suc f clsfu, "noting some biologically active V^^^^S^. 
the original reviews by Cox (9] the opportunity to isolate the DN A 
with the RNA has largely been ignored. In this communication we describe our 
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studies on the optimization of the simultaneous isolation of biologically active 
mRNA and DN A from testis and cell cultures. 



Materials and Methods 



Guanidine-HCl (GHCI) was purchased from Bethesda Research Labor at ones and 
guanidine thiocyanate (GSCN) from EM Science. tf-lauroyl sarcosine .("^»t) 
and dithiothreitol (DTT) were purchased from Sigma Chemical Company 
f"S]Methionine was purchased from Amersham. Mature bull testes were a generous 
gift from Dr. R-B. Church and the Church Ranch (Calgary. Alberta) and boyme 
Hver was a generous gift from Dvorkin Meat Packers (Calgary. Alberta). All other 
chemicals were purchased from sources previously described I [5]. , 

Solutions employed in the isolation and translation of RNA were prepared with 

B^inett^and liver were quickly dissected and immediately frozen and stored in 
liquid N 2 - 

I solai ion of nucleic acids 

Isolation of RNA from iiver with GHCI . 
RNA was isolated from fresh bull liver by the GHCl/AMauroyl sarcosine 

extraction method as previously described [6J. 

Isolation of RNA from testis with GSCN and UBr _ , 

Fresh bull testis (50 g) was powdered in liquid nitrogen and 5 vo. (w/v) of 
homogenization solution (4 M guanidine thiocyanate. 2% 2-mercaptoethanol (w/y) 
and 0 1 M Tris-HCl. pH 7.2) was added. The resulting suspension was immediately 
mixed with a Teckmar homogenizer for 1 min at full speed. *-lauroyUarcos.ne was 
added to the homogenized suspension to a final concentration of 0.5% (w/v) and 
dissolved with a 10-s Teckmar homogenizer pulse. Insoluble material was^ then 
pelleted by centrifugation with the use of a Sorvall GSA rotor at 10 000 rpm for 10 
min at 5°C and the supernatant removed. To the supernatant, solid LiBr was added 
slowly with constant mixing to a final concentration of 2 M and 0.025 vol of I N 
acetic acid was also added. RNA was precipitated overnight from the 2 MXiBr 
solution at 5°C. The precipitated RNA was pelleted by centrifugation with the use 
of a Sorvail HGL4 rotor at 5000 rpm for 90 min at 5*C, the DNA-contaimng 
supernatant was removed and stored separately at 5°C The RNA pellet was 
redTssolved in 1 vol (with respect to the original tissue weight] I of ^«^>» 
solution (6 M GHaVlO mM DTT, 20 mM EDTA and 0.1 M Tns-HCl. pH 7.2) wiA 
the aid of a 30-s Teckmar homogenizer pulse. The RNA was predpitated overnight 
at -20°C foUowing the addition of 0.06 vol of 3 M NaAc, pH 5.2 and 0.5 vol of 
absolute ethanol, The RNA was then pelleted at 9000 rpm for 30 min at - 5 Cm a 
Sorvall HB4 rotor and the supernatant was removed. The RNA pellet jvas *«lis- 
solved in 10 mM Tris-HQ buffer, pH 7.4 containing 2 mM DTT, 4 mM EDTA and 



BNSOOCID: <XP 2095896A_!_> 



252 



Corrigendum 
Krawetz, S.A., States, J.C and Dixon, G.H, Isolation 

nucleic acids from tissues and cells. J. Biochem. Biophys. Methods 12, 29-36 (1986). 
Please substitute Unes 7 and 8 on page 31 with those given here: 

HeLa cells (4 dishes) were lysed at 80% conflucncy in 2 ml per 100 mM dish of the 
homogStion solution (Z above) containing 2 M LiBr, 0.5% JV-iauroyl sarcosme 
and 10 mM EDTA. The resulting suspen- ... 
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0.5% sodium dodccyl sulfate (SDS) with the aid of short (10-s) Teckmar homp- 
genizer pulses and heating at 60° C. The solution was subsequently quick chilled. 
NaCl was added to a final concentration of 0.5 M and insoluble material was 
removed by centrifugation. The resulting solution was chromatographed on oligo 
(dT>ceIIulose as described [6]. 

Isolation of RNA from cell culture with GSCN and UBr 

HeLa cells (4 dishes) were lysed at 80% confiuency in 2 ml per 100 mM dish of 
the homogenization solution (see above) containing 2 M LiBrrThe resulting suspen- 
sion was transferred to a corex tube and 0.025 vol of 1 N acetic acid and 0.5 vol of 
absolute ethanol were added. The resulting solution was mixed by inversion and 
RNA was precipitated overnight at -20°C. It should be noted that this solution 
may freeze. In this case, immediately prior to the recovery of the RNA, the frozen 
solid is quickly melted at room temperature. The precipitated RNA was pelleted by 
centrifugation at 10 000 rpm for 15 min at -10°C in a Sorvall HB4 rotor. The 
DNA-containing supernatant was removed and stored separately at 5°C. The 
RNA-containing pellet was rcdissolved at 1 ml per dish of resuspension solution (see 
above). This was aided by extensive vortexing. Insoluble material was removed by 
centrifugation and the soluble RNA was precipitated overnight at *- 20°C following 
the addition of 0,06 vol of 3 M NaAc, pH 5.2 and 0.5 vol of absolute ethanol. The 
RNA was again pelleted as in the above, dissolved in a minimum volume of 0.3 M 
NaAc, pH 5.2, and precipitated overnight at > 20°C following the addition of 2.5 
vol of absolute ethanol. The RNA was then pelleted as described in the above and 
subsequently washed with absolute ethanol. The RNA was then dried with the use of 
a speed-vac concentrator and dissolved in a convenient volume of water. 

Isolation of DNA from guanidine supernatants 

DNA was recovered from the DNA-containing supernatant by the addition of 
another 0.5 vol of absolute ethanol (a total of 1 vol). DNA was further purified by 
RNase A digestion prior to proteinase-K treatment and phenol-chloroform extrac- 
tion as described [10]. 

DNA was also prepared from nuclei isolated as previously described [10]. Nuclei 
were lysed in homogenization buffer (see above) and the DNA was recovered as a 
spool on a pasteur pipette by the addition of 0.06 vol of NaAc, pH 5.2, and the? 
layering of absolute ethanol. DNA was further purified by RNase A digestion, prior 
to protcinase-K treatment and phenol-chloroform extraction as described {10]. 

Translation of mRNA and analysis of the translated products 

mRNA-dependent gel-filtered rabbit reticulocyte lysate was prepared and utilized . 
as previously described [5]. Translated proteins were resolved on a 10% polyacryla- 
mide-SDS slab gel [11] and products visualized by fluorography [12], 

Electrophoresis of nucleic acid isolates 

DNA samples were resolved on a 0.7% agarose gel as previously described [10] 
and RNA samples on a methyl mercury-containing agarose gel [13]. 
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Results and discussion 

♦« i^xxtr RKA from bull testis with the use of the 
In our numerous attempts to iso ate RNA from ' of RNA fr0 m aorta 

methods that were successful for the ^ m ^^^^^^ problems as 

16] . we were not very -^ c ^ JrNA from 

others, including plugging of the CsCl K initial hom ogenate 

being recovered in a quantitative manner {7} ™ d **W"£°™ A "free of DNA.To 

[2 ,lk This prevented the complete .^"^ 

circumvent these problems we initially tned to ^ in Table 1, when 

OP r^tn, these prob,«ms we made -^r&t^nd 
solubility of PNA in high sal. solutions. In «*MotjteM ad ™ p ^ 
,o increase the denaturing capacuy o f the ^ guamd ne * chao . 

solution a second chaotropic reagent. L.Br (both the: n ™ from0 . 5 ,o4 

tropic) was included. The LiBr concentration ^ ^"^ above a final 
M No additional benefit, te. more RNA recovered, was 
concentration of 2 M (unpubttsh* .results). As shown J"™^*^,^) 
GSCN and LiBr isolation method the g^'J^^^e GSCN and 
markedly increased as compared to the GSCN of RNA fronl cell 

LiBr isolation method was also very f "*^ Overall concentration 
cultures (Table 1). It shou! I be noted that ,™, ^^NA could o^lv be selective), 
of RNA was much less than that for «^ J^j"^^^ of precipitation 



COM^RtSON OF THE RECOVERY OF RNA WtTH THE USE OF THE V A R,OU S EXTRAC- 



Source 


isolation method 


Yield 




%poly(A+) 






Total ~" . 


poly(A*) 


Bull testis 
Bull testis 
Bull liver 

Cell culture 


GSC- [101 
GSCN and LiBr 

GHCl 

GSCN and LiBr 


fTo9 
23.09 
39,20 

M jjo/IOOmM plate) 
9.00 


0.21 
1.49 
1.60 

nol determined 


4 - ' ■ 

6 

4 
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Fig. 1. Methyl mercury agarose gel analysis of the RNAs prepared from tissues and cells. RNA ias 
isolated with the use of chaotrdpic reagents as described (sec Methods). Bull liver and testis RNAs were 
fractionated by oligio-(dT) cellulose chromatography into poly(A*) enriched ( + ) and depleted ( - > 
fractions prior to electrophoresis onall agarose gel. Total (T) HeLa cell RNA was resolved on a 1.5% 
agarose gel. the liver ( + ) and ( - ) lanes contain 27 fig arid 32 fig of RNA. respectively. The testis ( + ) 
and ( - ) lanes contain 30 jig and 28 fig of RNA. respectively. The HeU lane T contains 26 ug of RNA. 
The migration of the RNA molecular weight standards is indicated by arrows, from top to bottom 28S. 
18S, and 5.8S- The bands were visualized by ethidium fluorescence. 

Fig. 2. Fluorograph of the in vitro translated polypeptides synthesized with bull liver and testis poly(A* ) 
enriched mRNAs. The polypeptides were synthesized in a gel-filtered mRNA dependent rabbit reticulo- 
cyte lysate in the presence of 30 /iCi [ 35 S]methionine in a final reaction volume of 25 pi. The translated 
products were analyzed on a 10% polyacrylamide-SDS slab gel. Lane C controK no mRNA added; lane 
L,. 0.27 fig of liver mRNA added that was isolated by the GHCl/AMauroyl sarcdsirte extraction 
procedure; Jane T. 0.24 /ig of testis mRNA added that was isolated by the GSCN and LiBr isolation 
method. The molecular weight markers arc indicated by the arrowheads. From top to bottom they are: 
phosphorylase b t bovine serum albumin, ovalbumin, carbonic anhydrase and soybean trypsin inhibitor. 
The dried gel containing the fluor was exposed for 2 days. 
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HeUa RNA preparation. .Key may be recovered by P»"°"J"* ^ and UBr 
To examined biological acuvi.y of Ore rabbit 
isolation method the RNA was translated m a ^^1^ *6 
r« euloevte lvsate and the results are shown in Fig: 2. As shown in lane T, tBe 
mR NA^ttch^ prepared by the GSCN and UBr isolation method P~^™a1 
Synthesis of large moleo.br weigh. pro«ins „~ 

flanc L) As is clearly evident, there are major differences in thespectmm of V*™**.- 




23.1. 9.34. 6.6: 4.4 kb; lane T. 2 M of but. testis DNA»N ^ ^ «CN«- £ f r^t^. 
lane Tn. 2 M g of bull testis DNA isolated from nuder. and lane H. 2 MS or Oie nei-a cen 
from the GSCN and UBr supernatant. 
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biologically active mRNA and high molecular weight RNAs. 

As originally observed by Cox [9J. RNA in chaotropic solutions is selectively 
precipitated with the addition of 0.5 vol of ethanol and DNA with 1 vol of ethanol. 
This has permitted the differential isolation of ** NA and DNA from the same 
preparation. As shown in Fig. 3, with the addition of a total of 1 vol of ethanol the 
DNA can be recovered from the DNA-containing supernatant. There appears to be 
little if any contaminating low molecular weight species that would correspond to 
RNA. Furthermore, as evidenced by the relative sizes of the different DNA 
preparations, depending upon the method of isolation, the integrity of DNA is 
affected. As shown (lane T) DNA isolated from tissues subjected to extensive 
shearing forces by homogenization is of relatively small molecular weight. Although 
this DNA is rather small it has proven suitable for dot blot analysis (10). This does 
not imply that high molecular weight DNA cannot be isolated from this tissue. As 
shown in lane Tn, this was accomplished when nuclei were first isolated and used as 
the source of DNA. 

Isolation of DNA from the DNA-containing supernatants from cell culture 
nucleic acid isolates offers one main advantage/Since vigorous homogenization is 
not required to lyse the cells, this precludes the introduction of extensive shearing 
forces. Thus, the integrity of the DNA is maintained, as evidenced by its high 
molecular weight (lane H)l 

In conclusion, the methods described in this communication provide the ability to 
isolate large quantities of biologically active mRNA from high DNA content tissues. 
Furthermore, our studies have shown that the DNA can also be isolated from the 
same preparation in a high molecular weight form suitable for further analysis. 



Simplified description of the method and its advantages 

A simple procedure is described for th- isolation of biologically active poly(A* ) mRNAs, poly(A ' 1 
RNAs and DNA from cells and tissues. The tissue is rapidly homogenized or cells lysed in guanidine 
ihiocyariate and the RNA selectively precipitated from the hdmogenate with LiBr. DNA is subsequent)} 
recovered from the soluble phase by ethanol precipitation and is further purified by RNase A digestion, 
proteinase K treatment and phenol-chloroform extraction. RNAs are purified from the precipitate by 
guanidine-HCI extraction and separated into poly(A* ) and poiyfA" ) RNAs by oligo(dTKelhilose 
chromatography. This method has several advantages as it is relatively simple and efficient to use. It 
permits the isolation of total nucleic acids from a single tissue or cell preparation. The mRNA Is isolated 
in a biologically active Torm, coding for high molecular weight proteins and is suitable for cDNA cloning; 
The DNA isolated from cells is of high molecular weight and can be subjected to restriction and Southern 
analysis. DNA isolated from both cells and tissues may also be used for dot blot analysis. 
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